Purpose: There is increasing evidence that patients with PNES can form subgroups distinguished by emotion dysregulation and comorbid psychological symptoms. The purpose of this study was to determine if patients with comorbid PTSD differ from other patients with PNES in terms of alexithymia and stress coping strategies. Methods: 156 adult patients with video-EEG confirmed PNES were assessed with the Trauma Symptom Inventory-2 (TSI-2) and diagnostic clinical interview, Toronto Alexithymia Scale (TAS-20), and the Coping Inventory for Stressful Situations (CISS). There were 3 groups: 48 patients with PTSD, 62 patients who had experienced trauma and did not have PTSD, and 46 patients who denied experiencing trauma. Results: One-way ANCOVA revealed a significant difference between groups on reported levels of alexithymia [F(2, 154) = 18.21, p < .001] and use of emotion-focused coping [F(2, 156) = 11.12, p < .001]. Tukey HSD post-hoc comparisons indicated that the PNES/PTSD group had significantly higher mean alexithymia scores (M = 59.54, SD = 12.89) than both the no trauma (M = 49.51, SD = 14.92) and the trauma with no PTSD groups (M = 49.98, SD = 13.27), which did not differ from each other. The PNES/PTSD group was also significantly more likely (M = 62.44, SD = 11.56) than the no trauma (M = 52.87, SD = 13.57) and the trauma with no PTSD groups (M = 52.06, SD = 12.63) to utilize emotion-focused coping strategies. No significant differences were found between groups on use of task-or avoidance-focused coping. Conclusion: The study revealed elevated alexithymia and use of potentially more maladaptive emotionfocused coping strategies among patients with PNES and comorbid PTSD. These findings highlight discrete areas to target in treatment depending on comorbid symptomatology, and suggests that PNES, which is often regarded as a homogeneous entity, appears to encompass distinct subgroups.
Introduction
Psychogenic non-epileptic seizures (PNES) are paroxysmal events that resemble epileptic seizures in presentation but lack electrophysiological correlates or clinical evidence for epilepsy. Instead, there is evidence of psychological antecedents, and PNES are categorized as functional neurological disorders (FND)/ conversion disorders within the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [1] . However, some researchers have noted that the PNES diagnosis itself does not have its own unique classification, and is subsumed under various categories including conversion, dissociative, and somatization disorders [2] . Indeed, the various etiologies and mechanisms of PNES remain relatively unclear, given differences in underlying structure and phenomenology. A host of commonly associated psychiatric comorbidities also complicates the diagnostic picture, and the degree of comorbid psychopathology tends to positively correlate with severity of the PNES disorder [3, 4] . In particular, experiences of trauma, and Post Traumatic Stress Disorder (PTSD), remain closely linked with PNES. A significant proportion of PNES patients report high rates of previous traumatic experiences, including sexual, physical, and psychological abuse, and often multiple traumas [3, 5, 6] . In a review of 17 studies, PNES groups had rates of trauma ranging from 44 to 100% of the sample and rates of abuse ranging from 23 to 77%, representing a 15-40% higher rate than that observed in control groups [7] .
While trauma and stressful life events are commonly associated with development of PNES [7, 8] , the mechanisms underlying this relationship remain unclear, though there is evidence that emotion regulation and maladaptive responses to stress modulate the experience of PNES [8, 9] . Indeed, PNES populations demonstrate greater difficulty with attentional set-shifting during tasks that place emotional demands on the subject [10] . In addition, patients with PNES reported significantly greater impairments in emotional processing, including suppression of emotion, avoidance, and impoverished emotional experience, compared to healthy controls [11] . These qualities are also characteristic of alexithymia, broadly defined as difficulty identifying and describing emotional experience. Indeed, emotion regulation among those with PNES tend to be characterized by a poorer understanding of emotion, negative beliefs about emotions, as well as some over-control of emotional expression compared to healthy participants [9] . In addition to challenges with emotional regulation, there is evidence that while PNES patients do not necessarily experience more objectively severe life demands than epilepsy patients or healthy controls, subjective distress tends to be higher and coping style tends to be less active and organized [8] . Similarly, in a study of South African patients with PNES, the PNES group utilized more avoidance and distancing coping strategies compared to healthy controls, which was associated with significantly lower self-reported healthrelated quality of life [12] .
It is possible that differences in emotion regulation and coping style may further distinguish subgroups of patients with PNES based on their past experience of trauma, given the wellestablished effects of trauma on emotional processing and behavior [13] . There is some evidence that patients with PNES with trauma history may form a distinct profile compared to those with no trauma history, often showing greater rates of psychiatric comorbidity, dissociative features, and difficulty describing their feelings [14] . Some speculation also posits that PNES in certain individuals may represent a clinical expression of a dissociative PTSD subtype [7] . Differential diagnosis for PTSD in the DSM-5 indicates that new onset of somatic symptoms within the context of posttraumatic stress may be an indication of PTSD rather than conversion [1] . Other studies have suggested that patients with PNES and comorbid PTSD symptoms display greater demoralization, lower positive emotionality, as well as cognitive weaknesses such as lower narrative memory compared with both patients with trauma histories but no PTSD, and those without past trauma [6, 15] . In a recent article positing an integrative model of PNES, Brown and Reuber [16] emphasize that the diagnosis of PNES primarily denotes that the disorder is psychological and not neurological in origin, but does not capture the variation in personality profiles, comorbidities, treatment response, and other characteristics among individuals. There is no widely-established unifying model of the disorder at present; rather models positing a multitude of contributory factors (i.e., a "seizure scaffold model" of chronic stress, suppression of arousal/distress, and inhibitory dysfunction, which is often but not necessarily associated with trauma) can be understood as a mechanism for producing and perpetuating PNES. Given the lack of a single conceptualization, further examination of heterogeneity among subgroups of PNES patients (particularly those with trauma histories) can help elucidate underlying models of etiology and mechanism.
Indeed, this points to the importance of investigating how groups of PNES patients might be distinguished based on trauma profiles in addition to other clinical characteristics, given that they may not be categorized adequately by the same overarching diagnosis. Taken together, the foundational and maintaining factors underlying PNES can differ widely, and warrant more detailed examination. The current study aimed to investigate how emotion regulation and coping differ between PNES patients with and without concurrent PTSD symptoms, given the role of these strategies in maintaining PNES features. Indeed, a previous study of PNES patients identified two clusters of individuals distinguished by high versus low levels of somatization, alexithymia, and emotional regulation abilities [17] . The present study sought to further examine these characteristics based on trauma profile: specifically, to determine whether individuals dually diagnosed with PNES and PTSD exhibit distinct (and potentially more maladaptive patterns) of coping and alexithymia compared to PNES patients with less severe trauma symptomatology, or no history of trauma.
Materials and method
This study included 156 adult patients at a large multisite epilepsy program with a diagnosis of PNES confirmed with inpatient video-EEG monitoring, and who completed a comprehensive neuropsychological battery between 2008 and 2016. Demographic and clinical variables, including sex, age of PNES onset, PNES duration, age of initial trauma, lifetime history of psychotherapeutic or psychopharmacological treatment, and years of education at the time of assessment were also recorded.
All of the subjects were interviewed by a licensed clinical psychologist who assessed for history of trauma (defined as various forms of emotional/physical/sexual abuse, bereavement, severe medical issues, witnessing abuse). Since some patients had experienced multiple traumatic events, age of the first traumatic episode was classified as "age of initial trauma." A diagnosis of PTSD was made based on the information obtained from the clinical interview (according to DSM-IV criteria) combined with the scores from the Trauma Symptom Inventory-2 (TSI-2) [18] .
Patients were categorized into one of three groups: 1) the first group reported psychological trauma and met criteria for a diagnosis of PTSD; 2) the second group reported a history of psychological trauma but failed to fulfill criteria for PTSD; 3) the third group denied a history of trauma.
Exclusion criteria
The initial number of 167 patients was reduced to 156 because of the following exclusions: 5 were found to have a dual diagnosis of epilepsy and PNES, 4 did not complete the battery, 1 was classified by the neuropsychologist as putting forth insufficient effort (malingering), and 1 was diagnosed with a factitious disorder.
Measures
The standard battery of tests administered to patients with PNES in the current sample included several self-report psychological measures, as described below.
The Trauma Symptom Inventory-2 (TSI-2) [18] was utilized in determining the diagnosis of PTSD along with clinical data. The TSI-2 is a 136 item self-report measure that is used to evaluate acute and chronic posttraumatic symptomatology in adults. The TSI-2 assesses for the effects of sexual and physical assault, intimate partner violence, combat, torture, motor vehicle accidents, mass casualty events, medical trauma, traumatic losses, and childhood abuse or neglect. The clinical scales of the instrument measure the extent to which the respondent endorses twelve trauma-related symptoms including: Anxious Arousal, Depression, Anger, Intrusive Experiences, Defensive Avoidance, Dissociation, Somatic Preoccupations, Sexual Disturbance, Suicidality, Insecure Attachment, Impaired Self-Reference, and Tension Reduction Behavior. The TSI-2 has been thoroughly examined with regards to reliability and validity, and was normed on a US standardization sample aged 18-90. In addition, the TSI-2 has two symptom validity subscales (Atypical Response ATR) and the Response Level (RL). Predictive validity of PTSD using the TSI-2 was tested through discriminant function analysis using the T scores for the Anxious Arousal, Intrusive Experiences, and Defensive Avoidance scales. An optimally weighted combination of these TSI-2 scales significantly predicted PTSD with a sensitivity of 1.00 and specificity of 0.88. In our study we utilized the diagnostic TSI-2 standard composed of three scales: the Anxious Arousal (anxiety and autonomic hyperarousal); Intrusive Experiences (i.e. nightmares, flashbacks, upsetting memories); and Defensive Avoidance (cognitive and behavioral avoidance of distressing content) scales to assess for PTSD. These are in line with Criterion B (Intrusive recollections), Criterion C (Persistent avoidance of stimuli/negative alterations in consciousness), and Criterion D (hyperarousal) of the DSM-5. The PTSD scale demonstrates good internal consistency (Cronbach's a = 0.93), as do additional subscales examined in our study, Somatization (a = 0.84) and Dissociation (a = 0.86).
The Toronto Alexithymia Scale (TAS-20) [19] , a 20-item selfreport scale, is a well-established and most widely utilized measure of alexithymia. The measure has demonstrated good internal consistency (a = 0.81) and test-retest reliability (0.77, p < .01) and has also demonstrated adequate levels of convergent and concurrent validity. The three factors of the TAS pertain to the difficulty with identifying emotions, describing emotions, and externally oriented thinking. Items are rated on a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). Higher overall scores indicate greater difficulties with alexithymia, with scores at or below 51 indicating non-alexithymia, scores of 52-60 suggesting possible alexithymia, and scores at or above 61 indicating alexithymia.
The Coping Inventory for Stressful Situations (CISS) [20] is a self-report measure that assesses three main coping strategies in response to stressful situations: Task-Oriented, Emotion-Oriented, and Avoidance. The adult version of the CISS can be used in both clinical and community populations, and provides norms for adults, college students, and psychiatric inpatients. Validity of the multidimensionality of the CISS scales and construct validity of the scales have been examined with these three samples. Factor analysis produced congruence coefficients comparing each of the three factors above 0.95 for all three samples. The measure also demonstrates good construct validity (the CISS Professional Manual provides a comprehensive description of these studies). The measure totals 48 items, including "focus on the problem and see how well I can solve it" (Task-Oriented) "get angry" (EmotionOriented), "go out for a snack or meal" (Avoidance), and asks respondents to rate for each of these how often they "engage in these types of activities when you encounter a difficult, stressful, or upsetting situation". The Task-Oriented scale describes purposeful, instrumental efforts aimed at solving the problem, cognitively restructuring, or altering the situation. Emotion-focused coping is self-oriented with the aim of reducing stress, but sometimes results in maladaptive emotional responses, including excessive self-blame and self-preoccupation. Avoidance based coping refers to engaging in activities or cognitive changes in order to avoid the stressful situation, either by distraction via other situations or social diversion. Raw scores on each of these scales are converted to gender-normed T scores (that are normed on a mean of 50 and standard deviation of 10) that can be then compared to the community or clinical norms. Elevated T scores are those above 61. Among adults, the measure has demonstrated good internal consistency for the Task (a = 0.90 for males, a = 0.87 for females), Avoidance (a = 0.81 for males, a = 0.82 for females), and Emotion (a = 0.90 for males, a = 0.89 for females) subscales.
Results
Group 1 (patients diagnosed with PTSD) was composed of 48 individuals, whereas Group 2 (patients with trauma/no diagnosis of PTSD) was composed of 62 patients, and Group 3 (patients who denied a history of trauma) was composed of 46 individuals. Age, sex, years of education, age of PNES onset, and age at initial trauma between groups are presented in Table 1 (2) = 9.87, p < .001], with Fisher's exact test revealing lower prior treatment usage in the no trauma group compared to the PTSD (p = .02) and trauma alone (p = .01) groups. On the other hand, groups with a history of trauma (i.e., PTSD and trauma alone groups) did not differ significantly from each other in terms of treatment usage (p = .99).
All patients in the sample earned scores on the TSI-2 validity scales that indicated appropriateness for inclusion in the current study. Group differences (i.e., PTSD, no PTSD, no trauma groups) were examined using ANCOVA analysis on four dependent variables: CISS Task, CISS Emotional, CISS Avoidance, and TAS Raw. Sex, age of PNES onset, age of initial trauma, age at testing, and years of education were included as covariates and removed using backward stepwise selection if non-significant. Of the covariates, only Sex was controlled for in the final model of group differences on CISS Avoidance, and Years of Education was controlled for in the final model of group differences on TAS Raw. Means and standard deviations for each of the four measures across groups are presented in Table 2 .
Contrary to expectations, one-way ANCOVA revealed no significant differences between the PTSD, trauma alone, and no trauma group, on scores of CISS Task (p = .89). According to CISS clinical cutoffs (i.e., T < 45), the PTSD group were observed to slightly underuse task-oriented strategies, whereas the other groups scored within the average range compared to the normative population. However, as noted, this difference was not statistically significant. Further analysis of scores on CISS Avoidance revealed no significant differences between the PTSD, trauma alone, and no trauma groups, with all scores falling solidly within the average range.
In line with expectations, one-way ANCOVA revealed that there was a significant difference between groups on reported levels of alexithymia [F(2, 154) = 18.21, p < .001; Partial h 2 = 0.19, large effect size] and use of emotion-focused coping [F(2, 156) = 11.12, p < .001; Partial h 2 = 0.13, medium-to-large effect size]. Post-hoc comparisons using the Tukey HSD test indicated that the Group 1 (PNES/ PTSD) had significantly higher mean alexithymia scores compared to both Group 3 (no trauma) and Group 2 (trauma with no PTSD), which did not differ from each other. The PNES/PTSD group was also significantly more likely than the no trauma group and the trauma with no PTSD groups to utilize emotion-focused coping strategies.
Post-hoc analysis of emotion-focused coping
Given associations in the literature between emotion-focused coping and mood symptoms (suggesting potentially ineffective emotion regulation) [26] , we explored whether the higher emotion-focused coping we observed among the PTSD group was related to other markers of poor emotion regulation, such as somatization, which has been shown to distinguish groups of PNES patients [17] . In particular, we examined whether Dissociation and Somatization (subscales of the TSI-2) were related to the tendency to utilize emotion-focused coping strategies. Results of backward stepwise ANCOVA (removing non-significant covariates described above, including sex, age of PNES onset, age of initial trauma, age at testing, and years of education) revealed a final regression model with Somatization as a significant predictor of CISS emotionfocused coping (R 2 = 0.11, p = .002). Dissociation was not a significant predictor (p = .95), and was removed from the analysis during backward stepwise selection.
Discussion
The goal of the current study was to determine whether coping strategies and emotional awareness distinguished subgroups of PNES patients depending on whether they carried a current comorbid PTSD diagnosis, had trauma history but no active PTSD diagnosis, or had no trauma history. Results indicated that PNES patients with PTSD reported significantly higher rates of alexithymia, as compared to those with trauma and no PTSD, or no trauma history. While levels of alexithymia within the PTSD group were not above clinical cutoffs, scores were clinically categorized as "probable alexithymia" and substantially higher than non-PTSD groups. This finding held even when controlling for years of education, indicating that this group was at greater risk for a deficit in emotional identification, description, and interest in internal processes, beyond the potential impact of limited verbal knowledge. Further, as expected, PNES patients with PTSD tended to overuse emotion-focused coping strategies, compared to the trauma alone as well as no trauma groups, who relied on emotion-focused coping at an average level.
The finding that alexithymia is markedly higher among the PTSD subgroup compared to trauma alone and no trauma groups was in line with expectations, especially given previous research suggesting significant correlations between alexithymia and other mood/anxiety symptoms such as anxious arousal and intrusive experiences [21] . These symptoms characterize PTSD, and it is therefore unsurprising that PNES patients with an active PTSD diagnosis would have a greater tendency toward alexithymia. Previous findings have indicated that alexithymia tends to be high among patients with PNES [22] , and that patients with PNES in general also tend to have a more external locus of control than patients with epilepsy [23, 24] . However, alexithymia was not found to be uniformly high among the current sample of PNES patients: in fact, patients without PTSD (and either with or without trauma history) in this study endorsed levels of alexithymia that were within normative ranges, despite all meeting criteria for a diagnosis of PNES. While it is not possible for the current study to separate whether the relatively greater alexithymia observed is a precipitating factor or a symptom of PTSD symptomatology, its greater prevalence among this subset of PNES patients highlights the hetereogeneity within the PNES diagnosis. As there have been links observed between emotional abuse/neglect and various aspects of alexithymia [25] , further research can examine whether specific forms of trauma or abuse might also be associated with different facets of alexithymia among PNES patients.
Further, results of the present study revealed that emotionfocused coping was elevated among the PTSD subgroup, but not in the trauma alone or no trauma groups. In a previous study of a subset of patients from the current sample, it was revealed that those who relied more heavily on emotion-focused coping strategies tended to have higher elevations in depressive mood, anger, and intrusive experiences [26] . Further, our post-hoc analysis suggested that a higher tendency to somatize was significantly predictive of emotionfocused coping, suggesting that this type of coping in our sample of PNES patients indicates ineffective emotional regulation. Past research has suggested that patients with PNES tend to utilize maladaptive, less instrumental, and often avoidance-based coping strategies [27, 28] . Though no elevations were observed in avoidancebased coping among PNES groups in the current study, the use of elevated emotion-focused coping among the PTSD subgroups points to reliance on another potentially maladaptive coping style. Despite its proactive nature, emotion-focused coping tends to center on having strong emotional responses to situations, as well as attempts at self-focusing in response to stressors, which may be ineffective. For example, this can sometimes involve self-blame and focusing on one's perceived general inadequacies, rather than making use of more instrumental coping strategies. Within the subset of patients with PNES as well as PTSD, it is unclear whether the elevated use of emotion-focused coping is a result of greater emotion dysregulation (and associated attempts to manage it) due to increased experience of trauma symptoms, or a baseline tendency that is less effective and contributes to the maintenance of trauma symptoms. Indeed, it is possible that combined with lower use of other instrumental strategies or a relatively poor understanding of emotions, over-focus on emotion based coping can be overwhelming, and therefore both ineffective and maladaptive. This highlights the need for further comparison between the current sample of PNES patients and a general PTSD population, as well as further insight into baseline personality and coping styles of individuals who might be at risk for developing PNES in the future.
There were no differences between groups on use of taskoriented or avoidance-oriented strategies, though it is notable that for all 3 groups, reliance on task-oriented coping was on the lower end of the cutoff range for average levels of use compared to the normative, healthy population. In a previous study, results showed that PNES patients who utilized greater task-and avoidanceoriented strategies scored lower on measures of mood and anxiety symptoms [26] . There was also some evidence of underutilization of more instrumental, task-oriented strategies among the PNES population as a whole [26] . While the current study did not indicate significantly disparate or maladaptively lower use of taskoriented coping among groups of individuals with PNES (with or without PTSD), further examination of patterns of adaptive coping mechanisms among this population as compared to a general PTSD population (without PNES) is warranted. This might shed more light on the differential relationship of these coping mechanisms to the maintenance of both PNES and PTSD symptoms. A limitation of the study is that our sample is missing those patients who were diagnosed with PNES through video-EEG monitoring but did not complete neuropsychological testing due to not following through with the entire assessment procedure. It is possible that this group of patients has distinct and clinically relevant characteristics, but this could not be examined in the current study. In addition, we did not collect data on ethnic and racial backgrounds of patients. Therefore, important information regarding cultural variations in PNES pathology as well as coping styles and understanding/regulation of emotional experience may not be adequately accounted for. Furthermore, as noted, the current study is limited by its retrospective design. We examined characteristics of PNES patients with or without diagnoses of PTSD and with or without trauma history cross-sectionally, and it is impossible to separate which traits reflect a pre-morbid risk factor, versus a manifestation of current symptoms. Future studies might benefit from employing a longitudinal study design in order to examine risk and protective factors of those who do or do not develop PNES as well as concurrent PTSD. This can help illuminate underlying characteristics and predispositions toward particular symptom presentations of various PNES subgroups.
Conclusions
Overall, there is growing evidence that problems with emotional processing and regulation, including suppression, unprocessed emotions, and dearth of described emotional experiences can be distinguishing characteristics of patients with PNES, often associated with greater psychological distress [11] . The current study revealed elevated alexithymia and use of emotionfocused coping strategies (often linked to higher neuroticism and somatization) among patients with PNES and a comorbid PTSD diagnosis, which is a significant discrepancy from other patients with PNES without PTSD. These findings underscore that PNES, which is often regarded as a homogeneous entity, appear to encompass distinct subgroups. Moreover, the pronounced difficulties with emotion regulation observed are akin to the emotional numbing and avoidance observed in PTSD. Whether PNES as a diagnostic category is better characterized by dissociation, conversion, or other mechanisms remains outside the scope of the current study, but our results nevertheless underline important distinctions in coping and emotional awareness among PNES patients with active PTSD. These factors represent discrete areas to target in treatment and highlight the importance of taking into account the presence of distinct subcategories in this population when tailoring psychotherapeutic treatment approaches. Indeed, this suggests that no single conceptualization characterizes the underlying phenomenology of PNES in all patients, and that predisposition and maintenance of the disorder is multifaceted due to disparate background, personality profiles, and comorbidities [29] . For example, previous research has also revealed empirically distinct groups of PNES patients based on their patterns of emotion dysregulation, including alexithymia and somatization [17] .
Taken together, this speaks to the importance of targeted treatments for subsets of patients with PNES based on their unique illness profiles, including prioritizing addressing relevant comorbid symptomatology (such as PTSD) in treatment for PNES. There is some compelling recent evidence of the effectiveness of diagnostic-specific psychotherapeutic treatments, such as Prolonged Exposure (PE) for treating seizures in PNES patients with PTSD symptoms [30] . Additional empirically validated treatments, such as EMDR (eye movement desensitization and reprocessing), as well as cognitive-behavioral or psychodynamic treatments might be tailored effectively to patients with PNES depending on particular comorbid diagnoses. In sum, further clarification of heterogeneities within the PNES diagnosis can help identify distinct areas of emotional and behavioral impediments to recovery which can be targeted in treatment, and which could be highly relevant to outcome.
